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The precision measurements of electroweak parameters of the Standard Model with the ATLAS detector at LHC are 
reviewed. An emphasis is put on the bridge connecting the ATLAS measurements with the SM analysis at LEP/SLC 
and the Tevatron. 



1. INTRODUCTION 

The Standard Model (SM) has been impressively confirmed by successful collider experiments at the particle 
accelerators LEP, SLC and Tevatron [l|, E| during the last twenty years. 

In July 2008 the Large Hadron Collider (LHC) at CERN started-up to operate and will reach a total energy of 10 
TeV with colliding proton beams by October 2008 . The general purpose of the ATLAS experiment Q is designed 
to meet the main physics goals of the LHC: the discovery of the Higgs boson and supersymmetric particles 0,0, H- 

In addition to its discovery potential the LHC constitutes a powerful tool to make precision tests of the SM |9J, llO, 
During the initial two years of low luminosity running from 5 x 10 31 cm _2 s _1 to 10 33 cm _2 s _1 the integrated 



luminosity in 2008 will be 20 pb 1 and in 2009 100 pb 1 per LHC experiment. This will be an ideal period to 
continue precision measurements started at LEP/SLC and the Tevatron [l2| thanks to the very high rate of the SM 



processes. 



2. PRECISION FOR THE MEASUREMENTS OF THE W AND TOP QUARK MASSES 

The masses M\v and m t are the physical input parameters of the SM and we should know them with high precision. 
The results of the measurements at LEP and the Tevatron are shown in Figure 1. 
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Figure 1: Comparison of the direct measurements of Mw and mt at LEP2 and the Tevatron with the indirect determination 
through electroweak radiative corrections at LEP1 and SLD 0, 
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The higher order terms, radiative corrections or quantum corrections, contain the self-coupling of the vector bosons 
as well their interactions with the Higgs field and the top quark. Their calculation provides the theoretical basis for 
the electroweak precision tests [12j |. Theoretical prediction of the SM on the quantum level depends on the masses 
M\v and m t and on the as yet experimentally unknown Higgs boson Mh through the virtual presence of these particles 
in the loops. The electroweak radiative corrections receive contributions from the square of the top mass jl3f and the 
logarithm of the Higgs mass 14 1 . As a consequence, precision data from LEP, SLC and Tevatron [l|, 0, E[pin down 



the allowed range of the mass Mw and m t . The Figure 2 (left) compares the information on M\y and m t obtained 
at LEP1 and SLD with the direct measurements performed at LEP2 and the Tevatron. 

The principal method for measuring the W mass at the LHC employs the leptonic decay channels. The cross section 
for pp — > W + X with W — > \v (1 = e, /i) is 15 nb, corresponding to ~ 10 6 events for the luminosity 10 fb -1 [15| . The 
W mass is extracted from the distribution of the W transverse mass, given by 



Mf = J 2pL,p£(l - cos A$), (1) 

where $ is the azimuthal angle between the 3-momentums of charged lepton and the system X. 

The large sample of the W events available at the LHC means that the uncertainty on the W mass, AM\y, arising 
from the statistics will be very small. The largest experimental uncertainty and the limiting factor governing the 
precision on the W mass is the knowledge of the 4-momentum of charged lepton which will drive a total uncertainty 
AM W lower than 20 MeV 0|. At LHC d(pp -> tt) ~ 830 ± 100 pb which is 100 times more than at the Tevatron and 
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Figure 2: Left: The SM relationship for the masses Mw and m t as function of Mh 

ana 

and combinatorial background (shaded area) from semileptonic tt events (10 fb 1 ) [161 ]. 



Right: Reconstructed top mass 



a rate of ~ 10 4 tt events for the luminosity 10 fb -1 , 90% of which are produced through gg — > tt. The tt events are 
categorized by the subsequent decay of the two W bosons into three types: full hadronic(65%), semileptonic (30%) 
and dileptonic (5%) events. The semileptonic channel represents the most favorable route to measuring the top quark 
mass [16]. The top mass measurement proceeds by reconstructing the jjb-system from the two jets which are not 
b-tagged and combining with one of the b-tagged jets. The invariant mass Mj b distribution for the luminosity 10 fb -1 
is plotted in Figure 2 (right) together with the combinatorial background 16j. The top quark mass is extracted from 
this plot by fitting to the peak using Monte Carlo samples generated with different values of m t . 

The large sample of tt events available at the LHC means that the uncertainty on the top quark mass, Am t , arising 
from the statistics also will be very small. The largest uncertainty will arise from the contribution of the final state 
radiation of massive particles [l3|- Nevertheless, ATLAS could attain a precision of ~ 1 GeV on the top quark mass 
in two years of low luminosity running. 



3. CONCLUSIONS 



The precision measurements of the W and top quark masses with the ATLAS detector at LHC are reviewed. The 
anticipated uncertainty in the ATLAS measurements AM\y ~ 15 MeV and Am t ~ 1 GeV would constrain the mass 
of the Higgs boson to within 40%. 



Acknowledgments 

I would like to thank the organizers of the ICHEP08 for kind invitation to present this poster. I am grateful to 
A. Di Ciaccio for support of this material. I thank P. Pralavorio for important comments and A. Shiekh for remarks. 



References 

The LEP Collaborations ALEPH, DELPHI, L3 and OPAL and the LEP Electroweak Working Group, 
|arXiv:hep-ex/0612034]|http://www.cern.ch/LEPEWWG/[ 

The ALEPH, DELPHI, L3, OPAL and SLD Collaborations, the LEP Electroweak Working Group and the SLD 
Electroweak and Heavy Flavour Groups, Phys. Rept. 427, 257 (2006). 
CDF and DO Collaborations, larXiyi0803T683J [hep-ex]. 

Juergen Thomas on behalf of the ATLAS Collaboration, Hadron Collider Physics Symposium (HCP2008), 
Galena, Illinois, USA, 2008: larXiv:0808. 10311 [hep-ex], 

ATLAS Collaboration, ATLAS Detector and Physics Performance Technical Design Report, CERN/LHCC 99- 
14/15, (1999). 

ATLAS Collaboration, Anna Di Ciaccio et al., Talk at 5th Workshop on Science with the New Generation High 
Energy Gamma-ray Experiments (SciNe-GHE07): The Light of the Dark: Solving the Mysteries of the Universe, 
Frascati, Rome, Italy, 18-20 Jun 2007; in arXiv:0712.T548l [astro-ph]. pp. 111-120. 

John Ellis, Plenary talk at UAE-CERN Workshop on High Energy Physics and Applications, Al-Ain, UAE, 
26-28 Nov. 2007; AIP Conf. Proc. 1006, 3-11 (2008). 
Robert Harlander, J. Phys. G: Nucl. Phys. 35, 033001 (2008). 

ATLAS Collaboration, P. Pralavorio et al., Talk at International Europhysics Conference on High Energy Physics 
(HEP-EPS 2005), Lisbon, Portugal, 21-27 Jul 2005; PoS HEP2005 294, (2006). 

Jens Erler, Talk at 3rd International Workshop on From parity Violation to Hadronic Structure and More 
(PAVI06), Milos, Greece, 16-20 May 2006; arXiv: hep-ph/0607323[ 

Jens Erler, Talk at 12th Mexican School on Particles and Fields and 6th Latin American Symposium on High 
Energy Physics (VI-Silafae/XII-MSPF), Puerto Vallarta, Mexico, 1-8 Nov 2006; AIP Conf. Proc. 917, 244-251 
(2007). 

Arif Akhundov, Plenary talk at UAE-CERN Workshop on High Energy Physics and Applications, Al-Ain, UAE, 
26-28 Nov. 2007; AIP Conf. Proc. 1006, 43-48 (2008). 

A. A. Akhundov, D. Yu. Bardin and T. Riemann, Nucl. Phys. B276, 1 (1986). 
A. A. Akhundov, D. Yu. Bardin and T. Riemann, Phys. Lett. B166, 111 (1986). 

ATLAS Collaboration, M. Wielers et al., Talk at 33rd International Conference on High Energy Physics (ICHEP 
06), Moscow, Russia, 26 Jul - 2 Aug 2006; In Moscow 2006, ICHEP. pp. 669-672. 
I. Borjanovic et al, Eur. Phys. J. C39S2, 63 (2005). 

A. A. Akhundov, D. Yu. Bardin, O. M. Fedorenko and T. Riemann, Sov. J. Nucl. Phys. 42, 762 (1985). 



